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Introduction: The aim of this study was to investigate the association between alcoholic and non-alcoholic
beverages and knee or hip osteoarthritis (OA).
Methods: We conducted a case–control study of Caucasian men and women aged 45 to 86 years of age from
Nottingham, UK. Cases had clinically severe symptoms and radiographic knee or hip OA; controls had no symptoms
and no radiographic knee or hip OA. Exposure information was sought using interview-based questionnaires and
a semi-quantitative food frequency questionnaire to assess beverage consumption at ages 21 to 50 years. Odds
ratios (ORs), adjusted ORs (aORs), 95% confidence intervals (CI) and P values were estimated using logistic
regression models.
Results: A total of 1,001 knee OA, 993 hip OA and 933 control participants were included in the study. Increasing
beer consumption was associated with an increasing risk of OA (P for trend ≤0.001). Compared to those who did
not consume beer, aORs for people who consumed 20 or more servings of beer were 1.93 (95% CI 1.26 to 2.94)
and 2.15 (95% CI 1.45 to 3.19) for knee OA and hip OA, respectively. In contrast, increasing levels of wine
consumption were associated with decreased likelihood of knee OA (P for trend <0.001). Compared to those who
did not consume wine, aOR for knee OA among those who consumed 4 to 6 glasses of wine per week and ≥7
glasses of wine per week was 0.55 (95% CI 0.34 to 0.87) and 0.48 (95% CI 0.29 to 0.80), respectively. No association
was identified between non-alcoholic beverages and knee or hip OA.
Conclusions: Beer consumption appears to be a risk factor for knee and hip OA whereas consumption of wine has a
negative association with knee OA. The mechanism behind these findings is speculative but warrants further study.Introduction
Osteoarthritis (OA) is a common complex disorder with
a number of recognised genetic, constitutional and en-
vironmental risk factors [1]. A major, potentially modifi-
able environmental lifestyle factor is nutrition. However,
research with respect to dietary risk for OA has focused
mainly on overall nutritional intake that influences body
mass index (BMI), an increase in which is an accepted
and important risk factor for knee OA and to a lesser
extent hip and hand OA [2-4]. Although an increase in
biomechanical stress on joint tissues is an obvious ex-
planation for overweight and obesity as a risk factor for
OA [5], it is possible that increased adiposity may also
be deleterious for cartilage and other joint tissues via* Correspondence: Weiya.Zhang@nottingham.ac.uk
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stated.systemic metabolic changes, for example, altered adipo-
kine secretion [6].
However, although many patients are interested in in-
dividual nutrients as possible risk factors for their OA,
there are few studies that have examined this. There are
data to suggest that vitamins and antioxidants are bene-
ficial, especially for reducing structural progression of
OA [7,8]. Several studies have included alcohol consump-
tion as one of the potential risk factors for OA [9-12], of
which only one found that alcohol consumption associ-
ated with an increased risk of development of OA [9].
Whether alcohol is a risk factor for OA, therefore, remains
unclear and whether certain types of alcoholic drinks may
relate to OA more than others has not been investigated.
This case control study was undertaken in the Genetics of
OA and Lifestyle (GOAL) database in which dietary and
beverage data were available as part of the assessment ofl. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly cited. The Creative Commons Public Domain Dedication
ain/zero/1.0/) applies to the data made available in this article, unless otherwise
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trols with no knee or hip OA.
Methods
Study population
The GOAL study was a case–control study of 3,171 partici-
pants (1,042 index knee OA cases, 1,006 index hip OA
cases and 1,123 non-OA controls). The study was approved
by the Nottingham Research Ethics Committee and fully
informed consent was obtained from each participant.
The recruitment of cases and controls took place
between 2002 and 2006 and details of the study are
published elsewhere [13,14]. In brief, participants were
Caucasian men and women, between 45- and 86-years
old and resident in Nottinghamshire. Cases were se-
lected if they had clinically significant symptomatic OA
of the hip or knee, sufficient to warrant hospital referral.
They were recruited if they had either undergone joint re-
placement, were on the orthopaedic waiting list or had
been referred with symptomatic knee OA to the Notting-
ham Knee OA clinic. Controls were recruited from hos-
pital intravenous urography (IVU) waiting lists and
frequency matched to cases by age (±2 years) and gen-
der. Controls with no OA symptoms and no evidence of
hip OA on screening their IVU radiographs and no evi-
dence of knee OA on fresh knee radiographs were in-
vited to take part in the study.
Case definition
New knee, hand and pelvis radiographs were taken at
baseline assessment unless the participant had under-
gone radiography within two years of entry to the study
or had undergone total joint replacement (TJR). Radio-
graphic assessment and grading for features of OA have
been described in detail elsewhere [13,14]. For this study
we included symptomatic OA cases with Kellgren and
Lawrence (KL) grades of ≥3 at the knee and ≥2 at the
hip and asymptomatic controls with no radiographic evi-
dence of hip or knee OA (defined as KL ≤2 at the knee
and KL ≤1 at the hip).
Exposure assessment
An interview-administered questionnaire and clinical
examination were used to collect data. We assessed weekly
alcohol consumption with a separate questionnaire with
questions about beer, wine and spirits. This questionnaire
was administered during an interview. Participants who
reported drinking beer, wine and/or spirits on a regular
basis (that is, at least one alcoholic drink per week) were
asked to report the number of years and the average num-
ber of alcoholic drinks they consumed each week from the
age of 10 to 15 years onwards. We measured units of alco-
hol by half pints for beer/lager/cider; a glass for white/red
wine or sherry/martini; and tots for spirits, for example,gin, brandy, whisky, vodka (tots of spirits consumed at
home were counted as a double). We then used informa-
tion on the duration of alcohol consumption and the type
of alcoholic beverage (that is, beer, wine and/or spirits)
consumed by each individual across three decades: at ages
21 to 30, 31 to 40 and 41 to 50, to determine alcohol in-
take during adult life. For each type of beverage, a
weighted number of drinks consumed per week was es-
timated, with weights equal to the number of years of
consumption at each age period. For example, if a par-
ticipant reported drinking an average of ten half-pints
of beer per week for ten years at ages 21 to 30 and six
half-pints of beer per week for eight years at ages 31 to
40, their weighted number of beer consumed per week
at these ages were 10 and 4.8, respectively. We then
summed up the weighted number of each type of bever-
age consumed at different ages to calculate the mean
total alcohol intake during adult life. If an individual did
not consume at least one alcoholic drink per week dur-
ing a certain age period or had missing data on alcohol
consumption, the amount of alcohol consumed for the
available age periods was averaged. Beverage-specific es-
timates for beer, wine and spirits were also computed
using the same procedures.
We sought information on non-alcoholic beverages
(tea, coffee and fruit juice) using a self-administered 126
food item semi–quantitative food frequency questionnaire
(FFQ). This FFQ was modified from the European Pro-
spective Investigation of Cancer and Nutrition (EPIC) FFQ
[15] and was used to assess habitual dietary intake during
the fourth decade, that is, at ages 30 to 40 years. To elicit
information for each food item, participants were asked to
indicate their average frequency of consumption during
their 30s in terms of a medium serving, a common house-
hold unit (for example, teaspoon, bowl, cup, glass) or por-
tion size of each food or beverage (for example slice of
bread, one egg) by checking one of the nine frequency cat-
egories which ranged from ‘never or less than once per
month’ to ‘more than six times per day’.
The participants were re-contacted in January 2008
and further asked to complete a postal questionnaire to
assess the reliability and validity of the data previously
obtained. Of 3,022 participants from the GOAL study
who were known to be still alive and living in the UK,
2,172 responded to the second questionnaire. As part of
the expanded second questionnaire, participants also ran-
domly received one of the seven food group tables (that is,
meat and fish; bread and potatoes; fruits and vegetables;
dairy products; drinks; sweets and snacks; or soup and
lifetime patterns of food consumption) from the baseline
FFQ. The drinks table was slightly modified to include
four alcoholic beverages (beer, wine, sherry/martini and
spirits) as these were not part of the 126 food item semi-
quantitative FFQ. Servings for units of alcoholic beverages
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white/red wine; a glass of sherry/vermouth/liqueurs;
and tots for spirits, for example, gin, brandy, whisky,
vodka. In total 2,117 of 3,022 participants completed
food frequency tables and data were used to assess the
agreement on alcoholic and non-alcoholic intake during
the fourth decade of life.
Confounding factors
The questionnaire collected information on socio-
demographic factors, employment history, occupational
activity, history of physical activity, significant injury,
medical conditions and also contained detailed questions
on other risk factors for OA. Weight (kg) and height (cm)
were measured by a trained research nurse during the
clinical examination.
For this analysis, we considered age (years), gender
(male versus female), BMI (kg/m2), social class, smoking
(never, past, current smoker), history of joint injury (yes
or no), self-report of gout (yes or no), and kidney disease
(yes or no) and energetic leisure-time physical activity
(yes or no). Social class was classified as I/II, III, IV and
V/VI using the Standard Occupational Classification
based on the longest job [16,17]. Occupational exposure
was scored as 0 to 5, with 1 point each for: kneeling,
squatting, performing heavy work while standing for one
hour or more per week, lifting 25 kg ten or more times
per week, and lifting 50 to 100 kg at least once per week.
Participants were divided into those without any risks
and those with a score of one or more. Leisure-time en-
ergy physical activity was defined as ever participating in
activities that increased heart rate and produced sweat-
ing, such as swimming, jogging, running and so on, for
20 minutes or more at least three times per week.
Statistical analyses
We first assessed the agreement on alcoholic and non-
alcoholic intake during the fourth decade of life on the
basis of interview-administered questionnaire, original
FFQ and recalled FFQ tables. Weighted kappa (quadratic)
statistics between original and recalled FFQ tables for al-
coholic drinks ranged from 0.31 to 0.80 (spirits = 0.31,
wine = 0.47, beer = 0.80) while for non-alcoholic drinks
ranged from 0.37 to 0.56 (pure fruit juice = 0.37, coffee =
0.55, tea = 0.56).
We used unconditional logistic regression models to
estimate odds ratio (OR) and 95% confidence intervals
(CI). These were examined separately for knee and hip
OA. Firstly, we estimated the average number of units of
alcohol consumed per week and subsequently categorised
weekly units of alcohol into five groups: non-drinkers, ≤2
drinks per week, >3 to 6 per week, >7 to 14 drinks per
week and ≥15 drinks per week. Secondly, we categorised
each beverage consumed into five frequency groups basedon the distribution among controls and used the lowest
category as the referent category in the analysis. We used
two multivariate models to adjust for potential con-
founders. The first model adjusted for the following fac-
tors selected a priori: age (years), gender (men versus
women), BMI (<25 kg/m2, 25 to 30 kg/m2, >30 kg/m2)
and smoking (never, past or current smoker). The sec-
ond model adjusted for additional variables including
occupational exposure (no risk factors, 1, 2 and 3 or
more knee occupational risk factors), energetic leisure
time physical activities at ages 20, 30 or 40 (yes or no),
history of significant joint injury (yes or no), kidney dis-
ease (yes or no), gout (yes or no) and other beverages,
as appropriate. We also assessed trends in OA risk for a
given beverage by fitting it as a categorical variable.
We also examined potential effect modification by gender
(men versus women) and cigarette smoking status (ever
smoker yes versus no) by comparing the log-likelihood stat-
istic for models that used the cross-product interaction
term in the logistic regression models to those without and
then assessed the statistical significance of the interaction
using a likelihood ratio test [18].
In addition, we repeated analysis to examine average
alcohol consumption at different age periods: 21 to 30,
31 to 40 and 41 to 50 and association with OA. For this
analysis each period was examined separately to evalu-
ate whether timing of alcohol exposure was associated
with OA risk.
All analyses were performed using STATA version 13
software. P-values (two-tailed) are reported.
Results
Study subjects
In total 1,994 symptomatic OA cases (1001 knee OA
and 993 hip OA) with radiographic evidence and 933
asymptomatic controls with no radiographic evidence of
knee or hip OA as defined were included in this study.
Table 1 shows the characteristics of the study popula-
tion. Overall, cases were significantly older than controls.
They were also more likely to be obese and from lower
social economic groups, to report previous joint injury,
occupational risk factors, gout and cardiovascular dis-
eases, such as hypertension and heart disease and diur-
etic use. However, they were less likely than controls to
be current smokers or to report kidney problems.
Overall, controls were more likely to report drinking
alcohol on a regular basis (at least one alcoholic drink
per week) during adult life (that is, ages 21 to 50 years)
compared to OA cases. Among alcohol drinkers, a higher
proportion of OA cases reported that they drank beer
exclusively while a higher portion of controls drank a
mixture of beer, wine and/or spirits (Table 2). As for non-
alcoholic beverages, 86% of the population reported drink-
ing tea at least once a day during the fourth decade of life
Table 1 Demographic characteristics of study participants
Risk factor
Control, number = 933 Knee OA, number = 1001 Hip OA, number = 993
Number % Number % Number % P valuea
Age, mean (SD) 63.4 (8.5) 68.3 (7.3) 67.6 (7.1) <0.001
Gender, Male 484 51.9 519 51.9 494 49.8 0.556
Body mass Index (BMI)
BMI, mean (SD) 27.3 (4.5) 31.2 (5.3) 29.3 (5.2) <0.001
<25 kg/m2 308 33.0 90 9.0 191 19.2 <0.001
>25 to <30 kg/m2 396 42.4 363 36.3 413 41.6
≥30 kg/m2 229 24.5 547 54.7 389 39.2
Social Class <0.001
I and II 275 29.8 176 17.9 217 22.1
III 211 22.8 204 20.7 235 23.9
IV 261 28.3 361 36.6 302 30.7
V and VI 177 19.2 245 24.9 230 23.4
Smoking <0.001
Never 317 34.0 441 44.1 391 39.4
Past smoker 407 43.6 463 46.3 499 50.3
Current smoker 209 22.4 97 9.7 103 10.4
Occupational risk factors 0.522
No knee OA risk factors 471 50.5 529 53.0 537 54.2
1 knee OA risk factor 145 15.7 140 14.0 146 14.7
2 knee OA risk factors 142 15.2 160 16.0 155 15.6
3 + knee OA risk factors 174 18.7 169 16.9 153 15.4
Significant joint injury 157 16.8 332 33.2 221 22.3 <0.001
Co-morbidities
Hypertension 339 36.3 519 51.9 451 45.5 <0.001
Heart disease 154 16.5 234 23.5 179 18.1 <0.001
Type 1 diabetes 11 1.2 22 2.2 7 0.7 0.013
Type 2 diabetes 63 6.8 92 9.2 69 7.0 0.077
Stroke/haemorrhage 45 4.8 65 6.5 57 5.8 0.281
Kidney disease 368 39.5 61 6.1 61 6.1 <0.001
Liver disease 34 3.6 22 2.2 34 3.4 0.137
Gout 62 6.6 109 10.9 93 9.4 0.004
Diuretic use 190 20.4 359 35.9 352 35.5 <0.001
aΧ2 test for categorical data; one-way analysis-of-variance (ANOVA) for continuous data. The number per group, mean (s.d.) or percentage prevalence are
presented. OA, osteoarthritis; SD, standard deviation.
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pure fruit juice at least once a day during the same period
was 58% and 13%, respectively.
Association between alcohol consumption and OA
Knee OA
Table 3 summarises findings from unadjusted and ad-
justed analyses for the association between alcohol con-
sumption during adult life (that is, ages 21 to 50 years)
and the risk of knee OA. Results indicate that adjustmentfor potential confounding factors had some appreciable ef-
fect on the risk estimates. In the fully adjusted model, in-
creased total alcohol intake per week was not statistically
significantly associated with the risk of knee OA. The test
for trend across categories of total alcohol intake was also
non-significant. We then conducted separate analysis by
gender to assess any residual confounding and found a
dose–response relationship among men but no individ-
ual ORs were statistically significant. Moreover, test for
heterogeneity of odds ratios was significant (P = 0.040)
Table 2 Characteristics of the study participants according to beverage consumption during adult life (ages 21 to
50 years)
Exposure Control, number = 933 Knee OA, number = 1001 Hip OA, number = 993
Alcohol consumption (ages 21 to 50)
Nondrinkersa, n (%) 186 (19.9) 280 (28.0) 257 (29.9)
Ever drinkersb, n (%) 747 (80.1) 721 (72.0) 736 (74.1)
By type of alcohol
Drinkers of beer exclusively, n (%) 272 (29.1) 345 (34.5) 336 (33.8)
Drinkers of wine exclusively, n (%) 73 (7.8) 37 (3.7) 61 (6.1)
Drinkers of spirits exclusively, n (%) 33 (3.5) 38 (3.8) 29 (2.9)
Other drinkersc, n (%) 348 (37.3) 276 (27.6) 282 (28.4)
Missing data on alcohol type, n (%) 21 (2.3) 25 (2.5) 28 (2.8)
Alcoholic drinks per week, median (IQR) 10 (5 to 21) 11 (4 to 24) 10 (4 to 24)
Non-alcohol consumptiond (ages 30 to 40)
Tea intake (cups)
never/3 times per month, n (%) 98 (10.5) 66 (6.6) 64 (6.5)
1 to 6 times per week, n (%) 48 (5.1) 51 (5.1) 38 (3.8)
≥1 per day, n (%) 775 (83.1) 876 (87.5) 877 (88.3)
Coffee intake (cups)
never/3 times per month, n (%) 202 (21.7) 268 (26.8) 213 (21.5)
1 to 6 times per week, n (%) 152 (16.3) 174 (17.4) 174 (17.5)
≥1 per day, n (%) 567 (60.8) 551 (55.0) 592 (59.6)
Pure fruit juice (glasses)
never/3 times per month, n (%) 511 (54.8) 586 (58.5) 579 (58.3)
1 to 6 times per week, n (%) 284 (30.4) 260 (26.0) 285 (28.7)
≥1 per day, n (%) 126 (13.5) 147 (14.7) 115 (11.6)
aNondrinkers include never drinkers at ages 21 to 50 years. bEver drinkers drunk alcohol on a regular basis (at least 1 alcoholic drink per week) at ages 21 to
50 years. cdrinkers of a mixture of beer, wine, and / or spirits. dAnalyses are based on age period 30 to 40 years when information on non-alcoholic beverage
consumption was assessed. The number per group and percentages, or median (interquartile range (IQR) are presented. n, number; OA, osteoarthritis.
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consumption and risk of knee OA was different for men
and women (Additional file 1: Table S1). We also observed
a moderate association with alcohol intake of seven to
fourteen units per week among ever smokers (aOR 0.56,
95% CI 0.34 to 0.92; P = 0.023) but not among never
smokers (aOR 1.65, 95% CI 0.89 to 3.04; P = 0.110), P for
interaction = 0.042 (data not shown).
When we evaluated whether the associations varied by
type of alcohol, we found a positive significant associ-
ation between beer intake and knee OA. Compared to
those who never consumed beer, the adjusted ORs for
knee OA among those who consumed 8 to 19 and 20 or
more half-pints of beer per week was 1.76 (95% CI 1.19 to
2.60; P = 0.005) and 1.93 (95% CI 1.26 to 2.94; P = 0.002),
respectively (Table 3). This effect increased with increas-
ing levels of beer consumption (P for trend = 0.001).
When stratified by gender, the association between
heavier beer consumption (≥8 half-pints per week) and
knee OA appeared to be limited to men, but there wasno significant interaction (P = 0.588) between beer in-
take and gender (Additional file 1: Table S1).
More interestingly, there was an inverse dose response
association between wine (that is, white/red wine or
sherry/martini) consumption during adult life and knee
OA, (Table 3). Compared to those who never drank wine,
the adjusted ORs for those who drank 4 to 6 glasses and ≥7
glasses of wine per week was 0.55 (95% CI 0.34 to 0.87; P =
0.011) and 0.48 (95% CI 0.29 to 0.80; P = 0.005), respect-
ively, with increasing levels of wine intake inversely associ-
ated with knee OA (P for trend <0.001). When stratified
by gender, these significant associations remained in both
men and women (Additional file 1: Table S1), but the
interaction between wine intake and gender was not sta-
tistically significant (P = 0.331).
Conversely, intake of spirits (for example, gin, brandy,
whisky, vodka) during adult life was not associated with
the risk of knee OA (Table 3). Similarly there was no
significant interaction between intake of spirits and gen-
der (Additional file 1: Table S1). There were also no
Table 3 Odds ratios for knee OA according to alcoholic and non-alcoholic beverage consumption
Beverage Frequency of
consumption
Knee OA Controls CRUDE ORs Adjusteda OR Adjustedb OR
Number Number ORs 95.0% CI P value ORs 95.0% CI P value ORs 95.0% CI P value
Alcoholicc
Total alcohol intake
Nondrinkersd 280 186 1.00 1.00 1.00
< = 2 per week 102 93 0.73 0.52 1.02 0.065 0.90 0.61 1.31 0.571 0.81 0.53 1.24 0.340
3 to 6 per week 135 168 0.53 0.40 0.72 <0.001 0.76 0.54 1.07 0.111 0.73 0.50 1.06 0.101
7 to 14 per week 177 204 0.58 0.44 0.76 <0.001 0.95 0.68 1.32 0.745 0.82 0.57 1.20 0.309
> = 15 per week 282 261 0.72 0.56 0.92 0.009 1.43 1.01 2.02 0.042 1.18 0.81 1.74 0.389
P trend 0.004 0.082 0.514
Beer (half pints) Nonee 388 340 1.00 1.00 1.00
< = 3 per week 128 130 0.86 0.65 1.15 0.309 1.09 0.78 1.51 0.617 1.02 0.70 1.47 0.929
4 to 7 per week 94 139 0.59 0.44 0.80 0.001 0.92 0.64 1.33 0.674 0.90 0.60 1.37 0.630
8 to 19 per week 183 162 0.99 0.77 1.28 0.938 1.73 1.22 2.46 0.002 1.76 1.19 2.60 0.005
> = 20 per week 183 141 1.14 0.87 1.48 0.339 2.32 1.59 3.38 <0.001 1.93 1.26 2.94 0.002
P trend 0.599 <0.001 0.001
Wine (glasses) Nonee 770 579 1.00 1.00 1.00
< = 1 per week 39 43 0.68 0.44 1.07 0.093 0.69 0.42 1.13 0.139 0.72 0.40 1.28 0.259
2 to 3 per week 77 110 0.53 0.39 0.72 <0.001 0.68 0.48 0.97 0.031 0.75 0.50 1.12 0.161
4 to 6 per week 50 103 0.37 0.26 0.52 <0.001 0.55 0.36 0.82 0.004 0.55 0.34 0.87 0.011
> = 7 per week 40 77 0.39 0.26 0.58 <0.001 0.56 0.36 0.88 0.012 0.48 0.29 0.80 0.005
P trend <0.001 <0.001 <0.001
Spirits (tots) Nonee 756 654 1.00 1.00 1.00
< = 1 per week 48 43 0.97 0.63 1.48 0.872 1.03 0.64 1.67 0.895 1.16 0.66 2.02 0.602
2 to 3 per week 60 76 0.68 0.48 0.97 0.035 0.76 0.51 1.14 0.189 0.79 0.50 1.26 0.330
4 to 7 per week 58 64 0.78 0.54 1.14 0.198 0.99 0.65 1.50 0.954 0.77 0.48 1.23 0.272
> = 8 per week 54 75 0.62 0.43 0.9 0.011 0.81 0.53 1.23 0.325 0.80 0.49 1.30 0.370
P trend 0.002 0.262 0.151
Non-alcoholicf,c
Tea (cups) = <1 per day 155 190 1.00 1.00 1.00
2 to 3 per day 261 271 1.18 0.90 1.55 0.231 1.04 0.76 1.43 0.784 0.97 0.67 1.41 0.892
4 to 5 per day 366 290 1.55 1.19 2.01 0.001 1.32 0.98 1.79 0.071 1.34 0.93 1.92 0.114
6+ per day 211 170 1.52 1.14 2.04 0.005 1.46 1.04 2.05 0.027 1.29 0.86 1.92 0.214













Table 3 Odds ratios for knee OA according to alcoholic and non-alcoholic beverage consumption (Continued)
Coffee (cups) = <6 per week 442 354 1.00 1.00 1.00
1 per day 236 195 0.97 0.77 1.23 0.795 0.89 0.68 1.16 0.390 0.83 0.61 1.12 0.222
2-3 per day 215 249 0.69 0.55 0.87 0.002 0.79 0.61 1.03 0.084 0.81 0.60 1.10 0.180
= >4 per day 100 123 0.65 0.48 0.88 0.005 0.96 0.68 1.36 0.812 1.14 0.75 1.72 0.547
P trend <0.001 0.269 0.707
Pure fruit juice
(glasses)
<1/month 454 368 1.00 1.00 1.00
1/month - 1/week 234 251 0.76 0.60 0.95 0.015 0.98 0.76 1.28 0.908 0.94 0.71 1.26 0.691
2-6 per week 158 176 0.73 0.56 0.94 0.015 0.88 0.66 1.19 0.410 0.85 0.61 1.19 0.341
> = 1 per day 147 126 0.95 0.72 1.24 0.690 1.02 0.74 1.40 0.919 0.99 0.69 1.42 0.958
P trend 0.176 0.786 0.652
aadjusted for age, gender, BMI, smoking; badjusted for age, gender, BMI, smoking, other alcoholic/non-alcoholic beveragesc, occupational risks, significant injury, kidney disease, energetic physical activity at ages 21 to
50 and gout. dincludes participants who did not drink alcohol on a regular basis (at least 1 alcoholic drink per week) during age period 21 to 50 years. eincludes alcohol abstainers at ages 21 to 50 and drinkers of
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ual alcoholic beverage (beer, wine or spirits) and cigarette
smoking (data not shown).
We evaluated whether the associations varied at differ-
ent periods of alcohol consumption. Similar risk patterns,
that is, positive association with beer but negative associ-
ation with wine consumption, were observed at different
periods of alcohol consumption although the significance
level varied (Additional file 1: Table S3).
Hip OA
Table 4 displays results for the association between alco-
hol consumption during adult life (that is, ages 21 to
50 years) and the risk of hip OA. Compared to those who
never consumed alcohol, adjusted ORs for hip OA among
those who consumed two or fewer units of alcohol per
day was 0.63 (95% CI 0.42 to 0.94; P = 0.025). However,
there was no significant trend with increasing levels of
alcohol consumption (P for trend = 0.265; Table 4). When
stratified by gender, these associations were only seen
among men (Additional file 1: Table S2). In addition,
there were no statistically significant multiplicative in-
teractions between alcohol consumption by gender or
cigarette smoking (data not shown).
Among individual alcoholic beverages, increasing beer
consumption was associated with increased risk of hip OA.
Compared to those who never consumed beer, the adjusted
OR for those who drank 8 to 19 and 20 or more servings
of beer per week was 1.49 (95% CI 1.04 to 2.15; P = 0.031)
and 2.15 (95% CI 1.45 to 3.19; P <0.001), respectively, with
ORs increased with increasing levels of beer consumption
(P for trend <0.001). Test for heterogeneity of ORs was
significant (P = 0.0298) suggesting that the effect of beer in-
take was significantly different for men and women. Strati-
fication by gender revealed that the odds of hip OA was
1.8 times higher in men who consumed 20 or more half
pints of beer per week (aOR 1.83 (95% CI 1.14 to 2.93);
P = 0.012) whereas among women no significant associa-
tions were observed (Additional file 1: Table S2).
Interestingly, there was an inverse association between
spirits and hip OA. The adjusted OR for those who con-
sumed four to seven and eight or more units of spirits
per week was 0.63 (95% CI 0.41 to 0.98) and 0.53 (95%
CI 0.33 to 0.85), respectively. Correspondingly, there was
a significant trend with increasing categories of spirits con-
sumption (P for trend = 0.002). When stratified by gender,
the inverse relation with spirits intake was significantly
evident in men (Additional file 1: Table S2), but the inter-
action was not significant (P = 0.322). No statistically sig-
nificant associations were observed between wine and risk
of hip OA (Table 4). Moreover, test for interactions by
cigarette smoking for each individual alcoholic beverage
(beer, wine or spirits) were not statistically significant
(data not shown).When we examined different age periods separately, high
beer consumption (20 or more half-pints of beer per week)
at ages 21 to 30, 31 to 40 years and 41 to 50 years was
associated with an increased risk of hip OA. In contrast,
we found a decreased association with spirits consumption
(eight or more units of spirits per week) at ages 31 to
40 years and 41 to 50 years (Additional file 1: Table S4).
Associations between non-alcoholic beverages and OA risk
Information on non-alcoholic beverage intake was assessed
when participants were in their 30s. For this analysis we in-
cluded 2,893 participants (921 controls, 993 knee OA cases
and 979 hip OA cases) who completed a semi-quantitative
food frequency questionnaire.
Although increased tea intake seemed to be positively
associated with knee OA, this association disappeared after
adjusting for all potential confounding factors (Table 3). No
clear association was observed with other non-alcoholic
beverages and knee OA. Results were similar for hip OA
(Table 4).
Discussion
This is the first case–control study, involving approxi-
mately 3,000 participants, primarily designed to exam-
ine lifestyle risk factors for knee and hip OA including
alcoholic and non-alcoholic beverages. Among alcoholic
drinks, we found a dose–response, positive association
between beer consumption and knee/hip OA. In contrast,
consumption of wine was negatively associated with knee
OA whereas spirits intake was negatively associated with
hip OA. We also observed similar patterns of associations
with alcohol consumption at specific time periods in adult
life. No significant association with OA was identified for
non-alcoholic beverages including tea, coffee or pure fruit
juice for both knee and hip OA.
To the best of our knowledge, alcohol intake has not
previously been investigated as a possible independent
risk factor for either the development or progression of
OA. Of the four studies [9-12] that we identified from
the literature, all included alcohol as a potential confound-
ing factor and the results are inconsistent. For example, a
recent cohort study found no significant association be-
tween alcohol intake and hip OA after 22 years of follow
up in 840 individuals in Finland [10]. Similarly, a cross
sectional study of 568 women from the Nurses’ Health
Study in the USA reported no significant association
between self-reported hip replacement due to OA and
alcohol intake [11]. However, one small hospital based
one-year cohort study in 109 Japanese people with newly
diagnosed knee OA found that alcohol associated with less
functional disability [12]. In contrast, a population based
cross sectional study in Greece found a positive associ-
ation between alcohol intake and rheumatic complaints,
predominantly back pain and OA, but unfortunately no
Table 4 Odds ratios for hip OA according to alcoholic and non-alcoholic beverage consumption
Beverage Frequency of
consumption
Hip OA Controls CRUDE ORs Adjusteda OR Adjustedb OR
Number Number ORs 95.0% CI P value ORs 95.0% CI P value ORs 95.0% CI P value
Alcoholicc
Total alcohol intake Nondrinkersd 257 186 1.00 1.00 1.00
< = 2 per week 90 93 0.70 0.50 0.99 0.044 0.66 0.46 0.96 0.031 0.63 0.42 0.94 0.025
3 to 6 per week 174 168 0.75 0.56 1.00 0.047 0.88 0.65 1.20 0.432 0.88 0.63 1.24 0.468
7 to 14 per week 164 204 0.58 0.44 0.77 <0.001 0.83 0.60 1.13 0.232 0.75 0.53 1.06 0.106
> = 15 per week 280 261 0.78 0.60 1.00 0.050 1.42 1.03 1.96 0.030 1.27 0.90 1.81 0.177
P trend 0.022 0.062 0.265
Beer (half pints) Nonee 384 340 1.00 1.00 1.00
< = 3 per week 119 130 0.81 0.61 1.08 0.153 0.84 0.62 1.15 0.285 0.79 0.56 1.11 0.169
4 to 7 per week 121 139 0.77 0.58 1.02 0.072 1.13 0.82 1.55 0.460 1.15 0.81 1.64 0.435
8 to 19 per week 156 162 0.85 0.65 1.11 0.236 1.44 1.03 2.00 0.030 1.49 1.04 2.15 0.031
> = 20 per week 185 141 1.16 0.89 1.51 0.264 2.36 1.65 3.37 <0.001 2.15 1.45 3.19 <0.001
P trend 0.703 <0.001 <0.001
Wine (glasses) Nonee 703 579 1.00 1.00 1.00
< = 1 per week 37 43 0.71 0.45 1.11 0.136 0.68 0.42 1.09 0.111 0.67 0.39 1.14 0.140
2 to 3 per week 102 110 0.76 0.57 1.02 0.069 0.83 0.60 1.14 0.242 0.97 0.68 1.38 0.868
4 to 6 per week 61 103 0.49 0.35 0.68 <0.001 0.63 0.44 0.91 0.013 0.68 0.45 1.03 0.070
> = 7 per week 62 77 0.66 0.47 0.94 0.022 0.91 0.62 1.33 0.624 0.88 0.58 1.34 0.549
P trend <0.001 0.052 0.181
Spirits (tots) Nonee 756 654 1.00 1.00 1.00
< = 1 per week 43 43 0.87 0.56 1.34 0.514 0.86 0.54 1.38 0.534 1.01 0.60 1.71 0.972
2 to 3 per week 73 76 0.83 0.59 1.16 0.283 0.91 0.63 1.31 0.612 0.90 0.60 1.35 0.610
4 to per week 53 64 0.72 0.49 1.05 0.084 0.84 0.56 1.25 0.391 0.63 0.41 0.98 0.040
> = 8 per week 40 75 0.46 0.31 0.69 <0.001 0.59 0.39 0.91 0.017 0.53 0.33 0.85 0.008
P trend <0.001 0.020 0.002
Non-alcoholicf,c
Tea (cups) = <1 per day 150 190 1.00 1.00 1.00
2 to 3 per day 310 271 1.45 1.11 1.90 0.007 1.19 0.89 1.60 0.240 1.08 0.77 1.51 0.656
4 to 5 per day 315 290 1.38 1.05 1.80 0.019 1.14 0.85 1.52 0.386 1.05 0.74 1.47 0.797
6+ per day 204 170 1.52 1.13 2.04 0.005 1.36 0.99 1.88 0.058 1.18 0.81 1.71 0.389













Table 4 Odds ratios for hip OA according to alcoholic and non-alcoholic beverage consumption (Continued)
Coffee (cups) = <6 per week 387 354 1.00 1.00 1.00
1 per day 269 195 1.26 1.00 1.59 0.051 1.12 0.88 1.44 0.358 1.11 0.85 1.47 0.438
2 to 3 per day 243 249 0.89 0.71 1.12 0.329 0.95 0.74 1.21 0.675 0.97 0.74 1.28 0.850
= >4 per day 80 123 0.59 0.43 0.82 0.001 0.79 0.56 1.12 0.183 0.86 0.58 1.30 0.483
P trend 0.004 0.241 0.582
Pure fruit juice (glasses) <1/month 429 368 1.00 1.00 1.00
1/month to 1 / week 265 251 0.91 0.73 1.13 0.381 1.06 0.84 1.35 0.607 1.01 0.78 1.31 0.918
2 to 6 per week 170 176 0.83 0.64 1.07 0.145 1.05 0.80 1.38 0.743 1.14 0.84 1.54 0.413
> = 1 per day 115 126 0.78 0.59 1.04 0.097 0.81 0.59 1.11 0.194 0.88 0.62 1.25 0.482
P trend 0.050 0.397 0.880
aadjusted for age, gender, BMI, smoking; badjusted for age, gender, BMI, smoking, other alcoholic/non-alcoholic beveragesc, occupational risks, significant injury, kidney disease, energetic physical activity at ages 21 to
50 and gout. dincludes participants who did not drink alcohol on a regular basis (at least one alcoholic drink per week) during age period 21 to 50 years. eincludes alcohol abstainers at ages 21 to 50 and drinkers of
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worthy that all these studies assessed alcohol consumption
as a combined intake of beer, wine and spirits. They were
not primarily designed for the question of alcohol con-
sumption and risk of OA and, therefore, could not ad-
equately address the question of interest. In contrast,
GOAL was primarily designed for a case control ana-
lysis and powered for multiple risk factors including al-
cohol consumption. In addition to total alcohol intake,
we undertook analyses for different type of alcohol and
for other non-alcoholic drinks, such as coffee and tea.
After simultaneously controlling for wine and spirits in-
take, energetic leisure activities, self-reported kidney
disease and gout and other major established risk fac-
tors of OA, such as age, gender, BMI, occupational risk
and joint injury, we found beer consumption to be a risk
factor both for knee and hip OA with a demonstrated
dose response effect. In contrast, wine was negatively
associated with knee OA, suggesting that alcohol itself
is not necessarily the factor that influences the risk of
OA but that other factors contained within wine and
beer may exert differential effects on the risk of OA.
As with some diseases including OA which have a
long latency period, the effect of lifestyle exposures may
occur many years before diagnosis. Moreover, the spe-
cific ages of susceptibility may also be important when
estimating environmental and lifestyle exposures and the
risk of disease. However, the proximal age of OA onset
and age at dietary exposure in OA are still unknown.
The complex nature of OA further presents a challenge
for epidemiological studies because radiographic OA often
occurs without symptoms. Nevertheless, considerable evi-
dence has shown that the incidence of OA increases with
age, with a higher preponderance in women after the age
of 55 [19]. Other lines of evidence have illustrated that
cumulative exposures at younger ages may be critical. For
example, a study by Gelber et al. [20] found greater BMI
at ages 20 to 29 in young men to be associated with the
incidence of knee OA at age 65. Therefore, due to the
retrospective nature of our study design, we considered
average alcohol consumption during adult life (ages 21 to
50 years). Since alcohol intake may change during adult-
hood, we also further evaluated alcohol intake at three dif-
ferent time periods, namely, ages 21 to 30, 31 to 40 and 41
to 50. We first adjusted for risks factors selected a priori
(age, sex, BMI and cigarette smoking) and further adjusted
for other potentially important confounding factors
(Tables 3 and 4; full models for the primary analysis are
presented in Additional file 1: Tables S5 – S8). The re-
sults demonstrated similar patterns of the associations
but varied at significant levels for both knee and hip OA.
We also performed post-hoc stratified analysis and
found evidence of moderate significant interactions be-
tween alcohol consumption and knee OA by eithergender or smoking. For example, a significant dose–re-
sponse relationship was observed in men but not in
women (Additional file 1: Table S1). It is possible that
since a high proportion of non-alcohol drinkers were
women (39% versus 12%), this may have diminished the
power to detect a significant dose–response relationship
in women. Our data also demonstrated an interaction
between alcohol consumption and smoking in the devel-
opment of knee OA, with the effect of moderate alcohol
intake (7 to 14 units per week) limited to ever smokers.
Recent meta-analyses [21,22] found a negative association
between smoking and OA in studies where the control
population were recruited from hospital settings. There-
fore, the negative association of smoking suggested by our
findings is likely to be explained by the selection of hos-
pital controls who often have a higher exposure to smok-
ing than the general population. Moreover, we assessed
smoking status at the study baseline and did not take into
account the intensity and duration of smoking in early
adult life. Therefore, these results are only tentative.
With regard to non-alcoholic beverages, we did not ob-
serve a significant association with OA. We used a semi-
administered FFQ to assess dietary, including non-alcohol
beverage, intake during the fourth decade which was as-
sumed to be the important period in the development of
OA. Although individuals in this population gave mod-
estly reproducible responses when self-reporting their past
beverage intakes, we cannot rule out reporting bias which
may explain, in part, the differing associations or lack of
association with specific beverages. However, participants
were unaware of the hypotheses being tested by the
present study so any errors in the classification of the
exposure status would be comparable for cases and con-
trols and could lead to underestimation of the reported
associations. It is also possible that consumption of al-
coholic or non-alcoholic beverages at different periods
in adult life may play a role at different stages of the
disease (development and progression); therefore, pro-
spective epidemiological studies are required to further
investigate these hypotheses.
The mechanisms by which consumption of various bev-
erages may exert their effect in the OA disease process are
unclear, however plausible explanations have been pro-
posed. Moderate intake of certain types of alcoholic bever-
ages has been found to confer health benefits. These
benefits have been attributed to non-ethanol components
in alcoholic beverages such as polyphenols which have
been shown to modulate human intestinal microbiota and
increase antioxidant activity [23,24]. Recent in vivo experi-
ments using human faecal samples have shown regular
moderate consumption of red wine polyphenols to inhibit
non-beneficial bacteria from human microbiota and sig-
nificantly increase the growth of select beneficial bacteria
such as bifidobacteria [23]. Accumulating evidence also
Muthuri et al. Arthritis Research & Therapy  (2015) 17:23 Page 12 of 14suggests that gut microbiota may play a major role in the
pathophysiology of obesity and its related disorders [25].
Evidence from murine knockout models using leptin-
deficient mice has shown an increased intestinal muco-
sal permeability and portal endotoxaemia in genetically
obese mice [26]. It is proposed that increased absorp-
tion of endotoxins may result as a consequence of
compromised intestinal flora and enhanced intestinal
mucosal permeability in obese patients [27]. These fac-
tors, including high circulating levels of inflammatory
cytokines observed in obese patients [27,28], might
contribute to the onset and progression of OA. Recent
studies also demonstrate the potential chondroprotec-
tive action of the polyphenol resveratrol, which is highly
present in grape skin and red wine, in preventing cartil-
age degradation and joint damage in in vitro and in
animal studies [29-32]. Therefore, the inverse associ-
ation between wine and OA observed in this study may
be partly explained by potential beneficial antioxidant
activity and favourable modification of gut microbiota
conferred by dietary polyphenols in wine.
How beer might increase the risk of OA remains
speculative. There are suggestions that elevated uric acid
concentrations may increase the risk of OA [33]. In a re-
cent study [34], serum uric acid levels showed strong cor-
relations with both synovial IL-1 levels and OA severity in
patients with knee OA but with no clinical evidence or
self-report of gout. Furthermore, increase in serum uric
acid levels has been associated with increasing beer intake
[35]. We found that increasing beer consumption inde-
pendently increased the risk of both knee and hip OA.
Furthermore, many people who drink beer often end up
with a ‘beer belly’ which may increase the risk of OA via
biomechanical loading to the weight bearing joints. How-
ever, after adjusting for BMI or the waist-hip-ratio (data
not reported), the dose response relationship remained,
suggesting that the risk is less likely due to obesity or cen-
tral obesity but is related to the effects of the high level of
beer intake. Beer intake is one of the well-established risk
factors for gout because of its high content of purines,
especially guanosine [36]. Further evidence shows that
people with gout are more likely to have OA or vice
versa [37]. We did find a higher proportion of people
with gout in the OA group (11% in knee OA and 9% in
hip OA) than in the control group (7%, P <0.004). Gout
was obviously a confounding factor for the association.
However, after the adjustment for gout and other potential
confounding factors, the association and dose response re-
lationship still existed. Nonetheless, we recognise that our
results may be affected by unobserved confounders associ-
ated with knee and hip OA and with beer consumption.
For example, there are suggestions that drinking patterns
are correlated with the choice of an alcoholic beverage in
different populations and socioeconomic groups [38-40].In this study population, beer was the most commonly
consumed alcoholic drink, with a median intake of 10 half
pints of beer per week. However, it is also possible that
the typically low intakes of wine (median of three glasses
per week) or spirits (median of three tots per week) also
suggest that a small sample of this population may have
had different drinking patterns (for example, wine intake
with meals rather than heavy weekend consumption), and
may explain the differing associations with specific alco-
holic drinks. Thus, it is probable that our findings may be
due to alcohol content rather than components of each
type of drink. Further evidence on how specific alcoholic
drinks are related to the risk of OA is required.
There are several important limitations to this study.
Firstly, it was a hospital based study comprising cases
with clinically severe knee or hip OA referred for con-
sideration for surgery and controls who were also re-
ferred to hospital, but for IVU examination because of
non-musculoskeletal symptoms. Although the character-
istics of the controls in this study are comparable with
other cohorts, including the Health Survey of England
and Norfolk EPIC cohort [41], the generalisability of these
findings to community based people with less clinically se-
vere knee or hip OA and to controls who are completely
healthy is open to question. Secondly, this was a retro-
spective case control study. The key exposures of interest,
specifically previous alcohol and beverage intake, were self-
reported using a questionnaire. This is obviously prone to
recall bias and, possibly, attribution bias. Although the sec-
ond questionnaire survey showed reasonable reliability of
the measures, these biases cannot be ruled out. Thirdly, al-
cohol intakes and other beverage intakes are related to
many diseases. We only adjusted for gout because of its
well-known positive association with beer [36], and kidney
disease because of the high prevalence in the IVU controls.
Other comorbidities and their potential confounding in
this study have yet to be excluded. Also, although we esti-
mated alcohol intake during adult life which was expected
to be before development of OA, a case–control study can
only identify associations, and true cause and effect needs
to be studied ideally by a prospective cohort study that
identifies incident cases.
Conclusions
Beer consumption was associated with an increased risk
of knee and hip OA. Wine consumption, however, was as-
sociated with a reduced risk of knee OA. A reduced risk
was also seen for spirits in hip OA with a dose response
relationship. In contrast, non-alcoholic beverages did not
appear to associate with knee and hip OA. Although the
mechanisms behind these demonstrated positive and in-
verse associations with consumption of beer and wine,
respectively, remain speculative, further studies appear
warranted.
Muthuri et al. Arthritis Research & Therapy  (2015) 17:23 Page 13 of 14Additional file
Additional file 1: Table S1. Associations between alcohol consumption
and knee OA by gender. Table S2. Associations between alcohol
consumption and hip OA by gender. Table S3. Associations between
alcohol consumption and knee OA during adult life. Table S4.
Associations between alcohol consumption and hip OA during adult life.
Table S5. Total alcohol intake: full multivariable logistic regression
models. Table S6. Beer consumption: full multivariable logistic regression
models. Table S7. Wine consumption: full multivariable logistic
regression models. Table S8. Spirits consumption: full multivariable
logistic regression models.
Abbreviations
95% CI: 95% confidence Interval; aORs: adjusted odds ratio; BMI: body mass
index; EPIC: European Prospective Investigation of Cancer and Nutrition;
FFQ: food frequency questionnaire; GOAL study: Genetics of OA and Lifestyle
study; IL-1: interleukin-1; IVU: intravenous urography; KL: Kellgren and
Lawrence; OA: osteoarthritis; OR: odds ratio.
Competing interests
Rose A Maciewicz is an employee and owns stock or stock options in
AstraZeneca. The other authors declare that they have no competing interests.
Authors’ contributions
WZ and SGM had full access to all the data in the study and take full
responsibility for the integrity of the data and the accuracy of data analysis.
Conception and study design: SGM, WZ, RAM, KM, MD. Acquisition of data:
SGM, WZ, MD. Analysis and interpretation of data: SGM, WZ, RAM, KM, MD.
Drafting and important revisions: SGM, WZ, RAM, KM, MD. All authors read
and approved the final manuscript.
Acknowledgments
We are grateful to AstraZeneca, Macclesfield, UK for financially supporting
the initial assembly of the Genetics of Osteoarthritis and Lifestyle (GOAL)
Study and for assisting with genotyping and maintaining the DNA collection,
and to Arthritis Research, UK for infrastructure support during sample
collection (ICAC grant 14851).
Author details
1Division of Epidemiology and Public Health, University of Nottingham,
Clinical Sciences Building, Nottingham City Hospital, Nottingham NG5 1PB,
UK. 2Academic Rheumatology, University of Nottingham, Clinical Sciences
Building, Nottingham City Hospital, Nottingham NG5 1PB, UK. 3Respiratory,
Inflammation, Autoimmunity Innovative Medicines, AstraZeneca AB, SE-432
83 Mölndal, Sweden. 4Institute of Population Health, University of
Manchester, Manchester, UK. 5Division of Health Sciences, Warwick Medical
School, Warwick University, Coventry CV4 7AL, UK.
Received: 10 April 2014 Accepted: 21 January 2015
References
1. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al.
Osteoarthritis: new insights. Part 1: the disease and its risk factors. Ann
Intern Med. 2000;133:635–46.
2. Grotle M, Hagen KB, Natvig B, Dahl FA, Kvien TK. Obesity and osteoarthritis
in knee, hip and/or hand: an epidemiological study in the general
population with 10 years follow-up. BMC Musculoskelet Disord. 2008;9:132.
3. Muthuri SG, Hui M, Doherty M, Zhang W. What if we prevent obesity? Risk
reduction in knee osteoarthritis estimated through a meta-analysis of
observational studies. Arthritis Care Res (Hoboken). 2011;63:982–90.
4. Oliveria SA, Felson DT, Cirillo PA, Reed JI, Walker AM. Body weight, body
mass index, and incident symptomatic osteoarthritis of the hand, hip, and
knee. Epidemiology. 1999;10:161–6.
5. Astephen Wilson JL, Deluzio KJ, Dunbar MJ, Caldwell GE, Hubley-Kozey CL.
The association between knee joint biomechanics and neuromuscular
control and moderate knee osteoarthritis radiographic and pain severity.
Osteoarthritis Cartilage. 2011;19:186–93.6. Berry PA, Jones SW, Cicuttini FM, Wluka AE, Maciewicz RA. Temporal
relationship between serum adipokines, biomarkers of bone and cartilage
turnover, and cartilage volume loss in a population with clinical knee
osteoarthritis. Arthritis Rheum. 2011;63:700–7.
7. McAlindon T, Felson DT. Nutrition: risk factors for osteoarthritis. Ann Rheum
Dis. 1997;56:397–400.
8. McAlindon TE, Jacques P, Zhang Y, Hannan MT, Aliabadi P, Weissman B,
et al. Do antioxidant micronutrients protect against the development and
progression of knee osteoarthritis? Arthritis Rheum. 1996;39:648–56.
9. Andrianakos A, Trontzas P, Christoyannis F, Dantis P, Voudouris C,
Georgountzos A, et al. Prevalence of rheumatic diseases in Greece: a
cross-sectional population based epidemiological study. The ESORDIG Study.
J Rheumatol. 2003;30:1589–601.
10. Juhakoski R, Heliovaara M, Impivaara O, Kroger H, Knekt P, Lauren H, et al.
Risk factors for the development of hip osteoarthritis: a population-based
prospective study. Rheumatology (Oxford). 2009;48:83–7.
11. Karlson EW, Mandl LA, Aweh GN, Sangha O, Liang MH, Grodstein F. Total
hip replacement due to osteoarthritis: the importance of age, obesity, and
other modifiable risk factors. Am J Med. 2003;114:93–8.
12. Kondo K, Hirota Y, Kawamura H, Miura H, Takasugi SI, Sugioka Y, et al.
Factors associated with pain and functional limitation in Japanese male
patients with knee osteoarthritis. Rheumatol Int. 2007;27:1135–42.
13. Doherty M, Courtney P, Doherty S, Jenkins W, Maciewicz RA, Muir K, et al.
Nonspherical femoral head shape (pistol grip deformity), neck shaft angle,
and risk of hip osteoarthritis: a case–control study. Arthritis Rheum.
2008;58:3172–82.
14. Zhang W, Robertson J, Doherty S, Liu JJ, Maciewicz RA, Muir KR, et al. Index
to ring finger length ratio and the risk of osteoarthritis. Arthritis Rheum.
2008;58:137–44.
15. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European
Prospective Investigation into Cancer and Nutrition (EPIC): study
populations and data collection. Public Health Nutr. 2002;5:1113–24.
16. Office for National Statistics. Standard occupational classification. Volume
1: structure and definition of the unit groups. London: The Stationery
Office; 2000.
17. Office for National Statistics. Standard occupational classification. Volume 2:
index. London: The Stationery Office; 2000.
18. Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression. 3rd ed.
NJ, Hoboken: John Wiley & Sons; 2013.
19. Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A
meta-analysis of sex differences prevalence, incidence and severity of
osteoarthritis. Osteoarthritis Cartilage. 2005;13:769–81.
20. Gelber AC, Hochberg MC, Mead LA, Wang NY, Wigley FM, Klag MJ. Body
mass index in young men and the risk of subsequent knee and hip
osteoarthritis. Am J Med. 1999;107:542–8.
21. Hui M, Doherty M, Zhang W. Does smoking protect against osteoarthritis?
Meta-analysis of observational studies. Ann Rheum Dis. 2011;70:1231–7.
22. Pearce F, Hui M, Ding C, Doherty M, Zhang W. Does smoking reduce the
progression of osteoarthritis? Meta-analysis of observational studies. Arthritis
Care Res (Hoboken). 2013;65:1026–33.
23. Queipo-Ortuno MI, Boto-Ordonez M, Murri M, Gomez-Zumaquero JM,
Clemente-Postigo M, Estruch R, et al. Influence of red wine polyphenols and
ethanol on the gut microbiota ecology and biochemical biomarkers. Am J
Clin Nutr. 2012;95:1323–34.
24. Arranz S, Chiva-Blanch G, Valderas-Martinez P, Medina-Remon A,
Lamuela-Raventos RM, Estruch R. Wine, beer, alcohol and polyphenols on
cardiovascular disease and cancer. Nutrients. 2012;4:759–81.
25. Diamant M, Blaak EE, de Vos WM. Do nutrient-gut-microbiota interactions
play a role in human obesity, insulin resistance and type 2 diabetes? Obes
Rev. 2011;12:272–81.
26. Brun P, Castagliuolo I, Di Leo V, Buda A, Pinzani M, Palu G, et al. Increased
intestinal permeability in obese mice: new evidence in the pathogenesis of
nonalcoholic steatohepatitis. Am J Physiol Gastrointest Liver Physiol.
2007;292:G518–25.
27. Metcalfe D, Harte AL, Aletrari MO, Al Daghri NM, Al Disi D, Tripathi G, et al.
Does endotoxaemia contribute to osteoarthritis in obese patients? Clin Sci
(Lond). 2012;123:627–34.
28. Alessi MC, Bastelica D, Morange P, Berthet B, Leduc I, Verdier M, et al.
Plasminogen activator inhibitor 1, transforming growth factor-beta1, and
BMI are closely associated in human adipose tissue during morbid obesity.
Diabetes. 2000;49:1374–80.
Muthuri et al. Arthritis Research & Therapy  (2015) 17:23 Page 14 of 1429. Csaki C, Keshishzadeh N, Fischer K, Shakibaei M. Regulation of inflammation
signalling by resveratrol in human chondrocytes in vitro. Biochem
Pharmacol. 2008;75:677–87.
30. Dave M, Attur M, Palmer G, Al-Mussawir HE, Kennish L, Patel J, et al. The
antioxidant resveratrol protects against chondrocyte apoptosis via effects
on mitochondrial polarization and ATP production. Arthritis Rheum.
2008;58:2786–97.
31. Elmali N, Esenkaya I, Harma A, Ertem K, Turkoz Y, Mizrak B. Effect of
resveratrol in experimental osteoarthritis in rabbits. Inflamm Res.
2005;54:158–62.
32. Liu FC, Hung LF, Wu WL, Chang DM, Huang CY, Lai JH, et al. Chondroprotective
effects and mechanisms of resveratrol in advanced glycation end
products-stimulated chondrocytes. Arthritis Res Ther. 2010;12:R167.
33. Nowatzky J, Howard R, Pillinger MH, Krasnokutsky S. The role of uric acid
and other crystals in osteoarthritis. Curr Rheumatol Rep. 2010;12:142–8.
34. Denoble AE, Huffman KM, Stabler TV, Kelly SJ, Hershfield MS, McDaniel GE,
et al. Uric acid is a danger signal of increasing risk for osteoarthritis through
inflammasome activation. Proc Natl Acad Sci U S A. 2011;108:2088–93.
35. Choi HK, Curhan G. Beer, liquor, and wine consumption and serum uric acid
level: the Third National Health and Nutrition Examination Survey. Arthritis
Rheum. 2004;51:1023–9.
36. Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G. Alcohol intake and
risk of incident gout in men: a prospective study. Lancet. 2004;363:1277–81.
37. Roddy E, Zhang W, Doherty M. Are joints affected by gout also affected by
osteoarthritis? Ann Rheum Dis. 2007;66:1374–7.
38. Barefoot JC, Gronbaek M, Feaganes JR, McPherson RS, Williams RB, Siegler
IC. Alcoholic beverage preference, diet, and health habits in the UNC
Alumni Heart Study. Am J Clin Nutr. 2002;76:466–72.
39. Klatsky AL, Armstrong MA, Kipp H. Correlates of alcoholic beverage
preference: traits of persons who choose wine, liquor or beer. Br J Addict.
1990;85:1279–89.
40. McCann SE, Sempos C, Freudenheim JL, Muti P, Russell M, Nochajski TH,
et al. Alcoholic beverage preference and characteristics of drinkers and
nondrinkers in western New York (United States). Nutr Metab Cardiovasc
Dis. 2003;13:2–11.
41. Holliday KL, McWilliams DF, Maciewicz RA, Muir KR, Zhang W, Doherty M.
Lifetime body mass index, other anthropometric measures of obesity and
risk of knee or hip osteoarthritis in the GOAL case–control study.
Osteoarthritis Cartilage. 2011;19:37–43.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
